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Field of the Invention 

t . ^rolcrystalformaUonandmereleaseofnitricoxide^ftom 

rii combination, on cholesterol crybw 

H 

Ijp endothelial cells. 



B Rackeround of the Invention 

„ — — — rx=-- 



andi: 



«. cholesterol — e — — ^ 
p ^H„,e ph o S p h oU pM ae yl ^ — ^"-» 

5 ^ D :: POSitlon 

in to vessel wall and the formation of cholesterol crystals. 

^..no.sof— ..thasoeen— ...e-esteroUontent 

S e^resuUinslntne — of.screte—. ^ — ^ 
h ^e—stem, A----^~ 

20 interventions that promote lesion regression. 



redu c,io nmNOproductio n,^..).^— andLOL— o n^ossof 
s.oo.hmusciecen function andabnorma , pI oU fa a ti o„, 3) inc^ oxidative s tt ess, a„ d 4) 

N Ome,aboH S mhave demonstrate d b e„ef lt in the of various ca.diovasc uiar disorders, 
5 including coronary artery disease. 

HoW ever,no pharmaceutic. —^^^ 
****** SuchaphaHnaceuticaieomposition^dhavesevetaibenef,., For 

£ inaividualpatientcouidbetat.eteds— sl , AdditionaUy, the ease of ta.in, one 
! Therefote.itisanobiec.ofthisinventiontoptovideaconrh^ 

composition would be enhanced by their combination. 
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^ this invent, n encompasses a ^peutic g oa, for the treahnen t of CAD that entaiis 



agent and HMG-CoAreductase^bUor washed inas^e delivery sys,e m . 



Summary of the Invention 

— rf ^ — — ^^^^7. 

^^CCCBs^sp^o^ed^ — t „ad iStinCt — e~ 

' ^.ed^eP^ve—edEv— o fth e 

Vascular Effects of Norvasc Trial (PREVENT). The results of PREVENT showed a reduction in 

teapy .asanas— 



observed with other CCB analogs in similarly designed trials, it has been proposed that AML 
may have distinct antiatherosclerotic activity. 

Hypolipidemic therapy has also been demonstrated to be vety useful in reducing 
morbidity and mortality associated with CAD. Among HMG-CoA reductase inhibitors, 

.HerapywidtATsigniftcantlydelayedthetimetoafirstischemic event and reduced, by 36%, the 

3 spaceof34.0A,withinthemembranebi.a y er. This question was investigated in membranes 
| sWdy demonstratedmatthesecompoun«^ 

.movalofexcess sterol from the vesse, wall by plasma hi g h« Hpoprote^s (HDL). 
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5 fo «etai,edDescn^^ 
accompanying drawings in which: 



Brief Description of the Drawings 

? ,co ro spo„ d «o th es t e r o, ri c hd o m a ta ( d =34.0A, wM1 e te s— g sterol-poor area of 

J: corresponding molecular model demonstrates cholesterol bilayer domain with a dimension of 

ui 

W shaded region of the figure. 

(Figure 2B)o»,he mo.ecular dimensions of eho.esterol monohydrate domahts versus 
20 — «-* " emembra " e 

^^^^^-^^^^^ 



^affected bycha^esintempera * 
poor region of the membrane. 

P^eSshowstheX-rayai—pa^^oHented— lipid bilayers 

J 5 3.0A, reSP e Cti v dy > rth e C on tt o 1 a n a tog — — . 

2 a t a low concentration (30 nM), the combination of AML and AT completely blocked the 
1 aggregation of cholesterol into d,screte cholesterol domains. 



, Fi g ra e 4 shows.eX-rayd lf fractionpatternsfr„morientedme m branelipidbi,a^ 

com b toa ,ion,and AML — tin combmation at 5.. The pe^ labeled i, 2 and 4 respond 
20 .thesterol-poorregionofthemembrancw.lepea.labeledl-and.correspondto^ 

— ::::: 



„»-— '—"-7"" 

other CCB/statin combinations. 

* — ..OA, o— - '"T 
s X— w " b :; 

l Ziesterol domain formation in a manner that could not be reproduced by the drugs separately. 

^^^^^^^^^ 

| .oeompoundsonNOreleasefromasin.lerabbitaortaendou.e.iaUel, 

— mCCompoundUandamixtureo,— ne wtth varytns concentrations o f 
20 atorvastatin (Compound T). 
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• *» nn f the Preferred Embodiments 
Detailed Description ot the rreienc 

Experimental Methods: 



Experimental Methods. 

hH ^-— ^** u,,tl, r d ^N * , * 

i.- a ■ »r\t\<\\%) Cholesterol powder was 
•An -w,a and 20-4 arachidonic acid (1 1 /»;. 
acid (22%), 18:1 « leic acld (13 /o) ' 

. , rroton CT) while atorvastatin calcium (AT) was provided by Parke 
l6? Pfizer Central Research (Groton, C 1 ) wmie 



Davis (Ann Arbor, MI). 
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i/T uppfs and 154.0 mmol/L NaCl, pH, 7.2). 
following addition of buffered saline (0.5 mmol/L HEPES and 

controlled temperature and relative humidity, as previously described, 
membrane. ^m**^™-""***"-***^ „ 

,p — ^^^^^^ 

8 Danvers,MA). The diffracuon da. were co.lected on a one-dimensional, position-sensitwe 

, „, 37°C A porphyrinic sensor (diameter 0.2±0.1 urn) was 
20 were done in Hank's balance solutron at 37 C. A porptry 

placedneartbesurfaceaOiS^ofmeendomeli.eensusin.acomputerconr.oUed 



Cectrode)]. The three erodes were connected ,o a po,entiosta tfgalvanostat PAR273. Dam 
were acquired with the use of an IBM computer with custom software. The current proportional 
to NO concentration was measured by porphyrinic sensor, which operated in amperometric mode 
at constant potential of 0.63 V vs. SCE. 

The release of NO was initiated by the injection of potential agonists of endothelial NO 

Two different agonists were tested: amlodipine and atorvastatin. The different concentrations of 
these two compounds applied simultaneously were also tested. 

16!! 

1 MHerosclero.ic.me Cranes Have Jistinc, crystaUine-like sterol Membrane 

\ sterol-rich domains may represent an important nucleating site for free choiesterol crystal 
i fo rmation,animportantfeatureoftheunstablepla q ue. The separate and combined effects of 

O AML and AT on cholesterol monohydrate formation in membranes reconstituted from native 
| phospholipidsisolatedfromcardiactissuewasevaluated. Phospholipid composed of 

0 het er„geneousacylchainswasusedfortheseana,yses. This membrane system reproducibly 

similar experimental conditions. 

X-ray diffraction analysis of oriented, cholesterol-enriched membranes produced strong, 
reproducible diffraction orders that correspond to structurally distinct sterol-rich and -poor 
membrane regions. The ,-space measurement refers totneaverage distance from the eenterof 
one membrane bilayer to the next, including surface hydration. The ,-space of the sterol-rich 
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regi „ n was34,A>d i ca ti veofacho 1 es t ero 1 bi 1 a y ers t n I o ta reasasi ngl echo 1 e S , e ro. 

■A* of 65 9 A at 20°C and 93% relative humidity. The much larger 
meanwhile, had an average width of 65.9 A at 2U c an 

5 sm oundm g me mb ranere g io, * 

• u -J-*,, i-vpU f 74-93%) consistent with previous 
range of temperatures (5-37»C) and relatrve hunudrty levels (74 /.), 

x . ray diffraction analyses on atherosclerotic-like membrane sample, 

l S A corres P ond i n gt opea k s,a b e,ed,,2and4. The peaks ma, describe me cno,estero, 
1 ^icalcomposition^^^^ 

j , m i co C / 64 A) to 40°C (58.5 A), consistent with 
(9%) as sample temperature was increased from 15 C (64 A) 

restructure. In addition, the highly reproducible 34.0 A structure was unaffected by large 

, • . Hitvr52 to 93%) at 20°C while the sterol-poor region changed by 19/c 
changes in relative humidity (52 to /o) 

or 10 A (52 to 62 A) over this same range. 
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me mbrane samples — .We^olandphosphoUpiaat U :1 and ,2:1 

„ r dmoleratios 
cholesterohphospholrpid mole ratios, in v 

1(F , ur e 3 )Man,mo,e rati o, fl ,e d -spa C eva 1 uesfo tt heoo„ tr olanddn. g 
,g combination-containing samples were 54.2 and 53.9 A, resp 

1 ^C. .ai.imoie^.e.space^es.rtnecontroi.ddm.onmina „ 

^ 2 + ;^iv at 74% relative humidity and 5 u 

'" , 0 « and 53 5 A, respectively, at /h /o icia 

-F containing samples were 55.5 and 

SI 

lone—c^—n. Both the combination of AML with the ^ 
^dUieoombinationofATwi^eCCB nifedipine faiiedto 



reductase inhibitor lovastatin a 

ain formation, as compai 

20 c.estero.doma.wereve.p— ,n these sampies with a nnU cc„ penodiei, of 3..A. 
^^^^^^^^^^ 

the following d-space values: control (55.5 A), AML/lovastatin (54.4 A), and AT/nifedipme 



m embrane sampies, they did not interfere with domain formation. 

Th e synergistic effectof AMLand ATonchoiestero. domain format.on was aiso 

lg V a, u es:eontro 1(55 ,A,, A M L a 1 „ne (54 .U,, A Ta 1 one( 55 .SA),and A M L/A T (5 3,A, 
1 Mexplanationforthesynergi^^^^ 

5 e.oiesteroimay.tneirc— properties. AML has very high lipophilicity as compared to 

I MghaffmityofthisagentfortheHpidhUaye, Moreover, the charged amino-emoxy — of 
" .MLdirectsthedrngtoaregtonofthememhranethatoveriapsmesteroidnuciensof 

^^^^^^^^^^ 

20 similar location in the membrane as AML. 
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fashion. This biophysical effect of the drug combination was directly characterized with small 
angle x-ray diffraction approaches using lipid membranes enriched with cholesterol. As 
cholesterol aggregates within the membrane may serve as nucleating sites for extracelhnar free 
cholesterol crystal formation in the vessel wall, the ability of the AML/AT combination to block 
5 such sterol domain formation indicates a novel antiatherosclerotic mechanism of action. This 
observed effect appears to be distinct for these drugs as other combinations failed to reproduce 
this change in the aggregation properties of free cholesterol. 

In atherosclerosis, the incidence of lesion rupture and thrombosis is affected by the lipid 
,fi composition of the atherosclerotic plaque. The hpid component of atherosclerotic lesions 
1 consists primarily of cholesterol and phospholipid, with lesser amounts of fatty acid and 
£ triacylglycerol. Over time, cholesterol forms crystalline structures in the human atheroma, an 
i even, that contributes to overall lesion mass and plaque instability. Once crystallized, 
h cholesterol within the lesion is essentially inert and cannot be effectively removed by lipoprotein 
| acceptors in the plasma. By contrast, non-crystallized cholesterol associated with foam cel. 
1 membranes or intracellular stores can be depleted by plasma HDL and pharmacological 
interventions, leading to lesion regression. 

Recent reports indicate mat the cellular membrane is a cellular site for free cholesterol 
20 accumulation, leading to discrete sterol-rich domains and eventually crystal. In macrophage 

foam cells, for example, a critical mass of cholesterol is achieved following lipoprotein (native or 
oxidized) uptake and/or phagocytosis of lipid released from neighboring necrotic foam ce.ls. 
Ultimately, anucleating even, will occur at a critical concen^tion of cholesterol enrichment, 
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.^.cho^oUcnaindeve^w^the— . By — with the 
vessel, and thereby «o* the progressionof an o*erwise ineversib.e step m 

XHe — hywhiehAMLandAT — *ea 8gr e g a,io„o f cho.estero, into 
lP tnayhe^tedto^e, — — faction, At physic 

| — a.a.ysessupporta — .node.tha^aees^cha.ed 



bilayer. 
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into crystalline-like domains at low, nanomolar concentrations. By contrast, the combination of 
I formation. ^^inss^atetHat.econ.^ono^an.ATptoaucesano., 

3 memoes. — ^^^T^ 

| acccpt.part.Ces.sncHasHO, T«s new antia— c — o f action^ 

{2 ^ A x«^^«^*^-* h,B,,, - ,,,-,n 

treatment of cardiovascular disease. 

^C^Anampero^CconcenttationofNO 

stagl c r ao b i,ao rt ae„ d ot h ena 1 ceU i ssnown i nPi g u r ee.NO W as rel ease di n tef o n n rf 
^oiaaipuisewUh — concentration of ,20 ± , nmol/I.. Alter the h^tton of 



umol/L This concents very .owand may be due, o the process of scavenging of 

.Ue compounds, as recorded with separate* with amlodipine or atorvastat in. 

Figure 7 shows dose response curves for NO release stimulated by amlodipine, 
atorvastatin, and the mixture of 5 umol/L of amlodipine and variable concentrations (from 1 - 5 
P umo^ofatorvastatin. Based on the data from this Figure,there is a significant synergic 

u 

r amlodipine and atorvastatin over a range of doses. 

0 ^oxiderelcasefromrabbitaorticendothelialceH, Thcresultsofthisstudyprov.de 
compelhngscientiftcsupportforthecombineduseofAMLandATinmetreatmentof 

Avascular disorder, V-^**-^^"*™"" 1 *** 

20 including CAD. 
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It will now be apparent to those skilled in the art that other embodiments, improvements, 
details, and uses can be made that are consistent with the letter and spirit of the foregoing 
disclosure and within the scope of this patent and the appended claims. 



